Cellular preservation and maceral development in lignite and wood from the Brassington Formation (Miocene), Derbyshire, UK by O'Keefe, Jennifer M.K. et al.
Northumbria Research Link
Citation:  O'Keefe,  Jennifer M.K.,  Pound,  Matthew J.,  Riding,  James B. and Vane, Christopher H. 
(2020)  Cellular  preservation  and  maceral  development  in  lignite  and  wood from the  Brassington 




This  version  was  downloaded  from  Northumbria  Research  Link: 
http://nrl.northumbria.ac.uk/id/eprint/42683/
Northumbria University has developed Northumbria Research Link (NRL) to enable users to access 
the University’s research output. Copyright © and moral rights for items on NRL are retained by the 
individual author(s) and/or other copyright owners.  Single copies of full items can be reproduced, 
displayed or performed, and given to third parties in any format or medium for personal research or 
study, educational, or not-for-profit purposes without prior permission or charge, provided the authors, 
title and full bibliographic details are given, as well as a hyperlink and/or URL to the original metadata 
page. The content must not be changed in any way. Full items must not be sold commercially in any  
format or medium without formal permission of the copyright holder.  The full policy is available online: 
http://nrl.northumbria.ac.uk/pol  i cies.html  
This  document  may differ  from the  final,  published version of  the research  and has been made 
available online in accordance with publisher policies. To read and/or cite from the published version 
of the research, please visit the publisher’s website (a subscription may be required.)
                        

Journal Pre-proof
Cellular preservation and maceral development in lignite and
wood from the Brassington Formation (Miocene), Derbyshire,
UK





To appear in: International Journal of Coal Geology
Received date: 1 January 2020
Revised date: 16 March 2020
Accepted date: 18 March 2020
Please cite this article as: J.M.K. O'Keefe, M.J. Pound, J.B. Riding, et al., Cellular
preservation and maceral development in lignite and wood from the Brassington
Formation (Miocene), Derbyshire, UK, International Journal of Coal Geology (2019),
https://doi.org/10.1016/j.coal.2020.103452
This is a PDF file of an article that has undergone enhancements after acceptance, such
as the addition of a cover page and metadata, and formatting for readability, but it is
not yet the definitive version of record. This version will undergo additional copyediting,
typesetting and review before it is published in its final form, but we are providing this
version to give early visibility of the article. Please note that, during the production
process, errors may be discovered which could affect the content, and all legal disclaimers
that apply to the journal pertain.




Cellular preservation and maceral development in lignite and wood from the Brassington 
Formation (Miocene), Derbyshire, UK 
 
Jennifer M.K. O’Keefe1, Matthew J. Pound2, James B. Riding3, Christopher H. Vane3 
1Department of Physics, Earth Science, and Space Systems Engineering, Morehead State 
University, Morehead, KY 40351, USA, 2Department of Geography and Environmental Science, 
Northumbria University, Newcastle upon Tyne NE1 8ST, UK, 3British Geological Survey, 
Environmental Science Centre, Keyworth, Nottingham NG12 5GG, UK 
Abstract 
Fossil wood is well known from the uppermost part of the Brassington Formation of Miocene 
age from two localities in Derbyshire, central England, UK, but its preservation has not been 
previously studied. Likewise, lignite is also present but has not been studied hitherto. This study 
examines preservation of selected wood samples using a combination of organic petrography and 
organic geochemistry. The best conserved exposure of the Kenslow Member of the Brassington 
Formation, representing the majority of the lower Kenslow Member, occurs at Bees Nest Pit. 
Disseminated woods occur throughout the Kenslow Member, with the greatest concentrations, 
and largest specimens, occurring around a meter below a thin lignite at Bees Nest Pit. The lignite 
is composed primarily of wood and charcoal, as well as organic-rich clay and leaves. Wood in 
the lignite and in the disseminated wood samples appear unaltered or charred in hand sample. 
Larger pieces typically have numerous cracks and pockets in the surface, highly suggestive of 
desiccation and white-rot prior to burial, but appear to be solid mummified wood overall. Drying 
in acetone and epoxy impregnation permitted the wood and lignite to be examined using 
reflected light microscopy, while air-dried wood samples were coated with gold-palladium and 
examined using SEM and prepared for organic geochemistry. All wood samples examined herein 
appear to be softwoods. Members of the “charred” group have high-reflecting exteriors and low-
reflecting interiors in reflected white light illumination. Members of the “unaltered” group of 
tissues are consistently low-reflecting unaltered to slightly gelified textinite and ulminite A 
which display different reflectivity in transverse and radial sections. Random reflectance places 
the unaltered wood in the upper range of peat or lowest range of lignite B. Low-reflecting cells 
are primarily fiber cells and are strongly fluorescent. In most cases the three-ply fiber cell wall 
has begun to delaminate, a key feature of white-rot decomposition of the wood. Rays appear 
largely unaltered, and bordered pits show no evidence of fungal hyphae. Annual rings and 
vessels, by contrast, have undergone significant humification and have the appearance of 
ulminite and textinite, respectively. Near the wood margins, extensive pockets of rot show strong 
gelification, with the result that the cellular framework is gelified and brightly reflecting with 













stage lignification, reflectance varies depending upon cellular orientation, with cells in transverse 
section being more highly reflective than those in radial section. Organic geochemistry indicates 
all the fossil woods are chemically altered relative to modern counterparts. The elemental ratios 
suggest these sit between modern wood and brown coal. The changes are probably due to loss of 
polysaccharide as compared to lignin structures. The spread in O/C and H/C is probably due to 
variable microbial alteration (e.g. white, soft or brown rot fungal decay), as also indicated by the 
organic petrography. This type of wood preservation is consistent with early coalification in 
aerial settings, and consistent with fungi recovered during palynological studies which are 
indicative of softwoods decaying in wet forest settings. 




Fossilized wood was recovered from the Kenslow Member of the Brassington Formation during 
fieldwork to support palynological studies at Bees Nest Pit, near Brassington, Derbyshire UK in 
2013, 2017, and 2019 (Fig. 1). Upon initial examination, all of the wood specimens appeared 
intact. However, as they dried, it became apparent that the wood is highly fractured, with the 
light grey clay matrix of the Kenslow Member filling the cracks and much of the wood interiors, 
especially in the larger pieces. Regardless of this damage, the wood provides an important proxy 
for wetland dynamics during the latest middle Miocene (Serravalian) of the UK. 
Miocene wood remains are known from many localities in the northern hemisphere, including 
Canada, China, the Czech Republic, Germany, Hungary, and Turkey (Hoffmann and Blanchette, 
1997; Figueiral et al., 1999; Erdei et al., 2009; Hámor-Vidó et al., 2010; Cheng et al., 2014, 
2018; Bardet and Pournou, 2015; Acarca Bayam et al., 2018; Mustoe, 2018; Mantzouka et al., 
2019). Both angiosperm and gymnosperm woods have been reported, although in many cases 
gymnospermous woods dominate the assemblages, especially in and above coal seams 
(Hoffmann and Blanchette, 1997; Figueiral et al., 1999; Erdei et al., 2009; Hámor-Vidó et al., 
2010. Many examples of Miocene wood occur as mummifications, rather than as coalifications 
or silicifications (Mustoe, 2018). Mummifications are an interesting and somewhat unusual 
preservation state, whereby the wood is largely unaltered, even after millions of years of burial. 













annual rings upon drying (Hoffmann and Blanchette, 1997). In Hungary, woods display yellow 
to reddish-brown color, reminiscent of modern wood, and intense epifluorescence, which is light 
blue in UV excitation for extremely unaltered tissue of cellulose-rich wood (Hámor-Vidó et al. 
2010). 
Fossil wood was first reported from the Kenslow Member by Yorke (1954, 1961). Boulter 
(1969), Boulter and Chaloner (1970) and Boulter (1971), identified four gymnospermous taxa, 
but did not provide any photographic evidence or wood descriptions to support the 
identifications of Abies (fir), Pinus (pine), Picea (spruce) and Taxodiaceae (they suspected 
Cryptomeria or Sciadopities in the bald cypress family). Logan and Thomas (1987) examined 
lignin derivatives in fossil “Taxodiaceous” wood from Bees Nest Pit. They found that lignin 
from these wood samples has undergone significant demethoxylation and some destruction of 
phenolic aldehydes. They suggest that white-rot fungi had caused significant degradation of 
woody tissues. Decomposed fossil wood can be difficult to identify, as has been demonstrated 
(van den Burgh, 1973; Blanchette et al., 1991; Figueiral et al., 1999), and classification tends to 
base upon a few specific characters, especially when determining if wood is angiospermous or 
gymnospermous. These characters may or may not be visible in either thin-sections or polished 
sections, depending upon the compaction state and degradation state of the wood. While some 
authors advocate charring of samples prior to attempts at identification as a means of making 
wood characters more visible (Figueiral et al., 1999), most researchers impregnate mummified 
woods with epoxy (Abad, 1988; Hámor-Vidó et al., 2010) or polyethylene glycol (Hoffmann and 
Blanchette, 1997); or simply wet and slice it prior to mounting in glycerin jelly (Blanchette et al., 
1991; Wang et al., 2017; Mantzouka et al., 2019). These latter options have the advantage of 
conserving the preservational state of the wood such that characteristic damage patterns caused 
by bacteria, fungi, and chemical alteration can be observed (Blanchette et al., 1991a,b; Hoffmann 
and Blanchette, 1997). 
Here we report on the preservation state of selected wood samples recovered during fieldwork at 
Bees Nest Pit, suggest wood affinity based on taxonomic features preserved in the samples and 
visible in reflected light petrography and SEM, and comment upon the decomposition features. 
Together, wood identification features and damage patterns allow us to add to the growing body 















2. Geological background and setting 
The Brassington Formation is the most extensive onshore Miocene succession in the UK. It is a 
fining-upwards sequence of sands, gravels, pebble beds, clays and, occasionally, a wood bearing 
lignite which have suffosed into karstic hollows in the Peak District of Derbyshire and 
Staffordshire, UK (Walsh et al., 2018). The formation is subdivided into three members; these 
are the Kirkham, Bees Nest and Kenslow members in ascending stratigraphic order (Boulter et 
al., 1971). The lowermost Kirkham Member is up to ~60 m of sand, gravel and pebble beds 
believed to be the weathering products of Triassic sandstones to the south. It is envisaged as an 
alluvial/fluvial sheet sand extending northwards across the present-day Peak District (Walsh et 
al. 1972). The overlying Bees Nest and Kenslow members are relatively thin, clay-rich units 
assumed to be lacustrine deposits which accumulated on the subjacent Kirkham Member. The 
three members of the Brassington Formation suffosed into large karst cavities during the 
Pliocene (Walsh et al. 2018, fig. 12). 
Only the Kenslow Member is fossiliferous, and this unit contains biostratigraphically significant 
pollen and spores (Pound et al., 2012a; Pound and Riding, 2016). The Kenslow Member is 
considered to represent different parts of the Miocene in the two disused quarries that have been 
studied. In Bees Nest Pit it is Serravallian (13.65–11.61 Ma), whereas the Kenslow Member at 
Kenslow Top Pit is Tortonian (11.61–7.25 Ma) in age (Pound et al., 2012a; Pound and Riding, 
2016). By contrast, there are no biostratigraphical data from the underlying Kirkham and Bees 
Nest members. 
 
3. Materials and methods 
The fossil wood and the lignite studied herein are all from Bees Nest Pit (53.09°N, 1.64°W) near 
the village of Brassington (Fig. 1). Samples were collected in 2013, 2017, and 2019 from the 
uppermost Kenslow Member; this is a ~2 m bed of massive grey clay with a ~30 cm thick lignite 
lentil near the top (Figure 2; Table 1). All the disseminated wood samples are from within the 













column (pillar) samples of the lignite bed were collected from the uppermost part of the unit. 
Based on palynology, the material is considered to be Serravallian in age (Pound and Riding, 
2016). 
Fossil wood sample NU13-001 and charcoal samples NU13-002 and NU13-003 were dried in 
ambient conditions, sectioned using a razor blade, mounted on carbon film and sputter-coated 
with gold-palladium for SEM imaging on a MIRA3 Tescan at 20 kv at Northumbria University.  
The disseminated fossil wood taken to Morehead State University (JOMSUGL 908, JOSMUGL 
909, and JOMSUGL 910) was dried in a series of acetone baths and impregnated with Pace 
Metallographic Low Viscosity ULTRATHIN® Epoxy prior to sectioning (López-Buendía, 1998; 
Frank and Bend, 2004). Radial, tangential, and longitudinal sections were made of each wood 
fragment using oil- and water-cooled cut-off saws, as appropriate for the size of the specimen. 
Lignite column samples (JOMSUGL 1245 and JOMSUGL 1246) were dried in an 80°C oven for 
12 hours. This temperature was used to prevent modern fungal growth during drying. After 
drying, the exterior 1-2 cm of the original column was removed to minimize heating effects on 
sample reflectances. The remaining central portion was placed in silicone block molds, and 
epoxy impregnated using the methods of Jewell (2004) and O’Keefe (2008). The analyzed 
surfaces of both wood and lignite samples were polished to a 0.05 μm finish using alumina on a 
silk cloth following ASTM D5671 - 95(2019). All samples were analyzed on Leitz Ortholux Pol 
II reflected light microscope equipped with halogen white light illumination and Cool LED blue 
light illumination at 440 nm with a K515 filter. Photomicrographs were captured using a Leica 
MC170 camera and LAS® software. Maceral analysis were completed for the lignite samples; 
these followed ICCP System 1994 terminology (ICCP, 2001; Sýkorová et al., 2005; Pickel et. al., 
2017) and the counting methods of O’Keefe (2008) for oriented-block studies of lignite.  
 
Reflectance measurements were completed using a Leitz MVP photomultiplier with analog 
display on a Leitz Ortholux with 100-watt quartz halogen white light illumination and 500x 
magnification using an oil immersion objective. A glass reflectance standard with reflectance of 













method applied to photomicrographs. To generate the calibrated curve for the grey-scale method, 
a set of six glass standards with certified reflectances of 0.299, 0.506, 0.94, 1.025, 1.381, and 
1.672, manufactured by J. Cole of Pennsylvania, were photographed under the same conditions 
as noted above for the macerals. Greyscale measurements of photographs of each glass standard 
were plotted against their respective calibrated values to produce the curve. A new curve was 
generated each time the microscope bulb and image capture system are turned on to account for 
variations in illumination. The equation for this curve was then used to calculate random 
reflectance. A 5-micron square measuring spot was used in the Leitz MVP photomultiplier. A 
minimum of 50 and maximum of 100 spots per sample were measured with the photomultiplier. 
A 2-micron circular spot was used for greyscale measurements. Five spots, distributed as the 
corners and center point of a box, were measured on each of 20 maceral photographs obtained 
per sample, for a total of 100 measurements per sample. Wood xylotomy features were identified 
using Richter et al. (2004), and compared with published works on Miocene fossil wood, 
including Obst et al. (1991), Blanchette et al. 1991), Figueiral et al. (1999), Erdei et al. (2009), 
Bardet and Pournou (2014), Wang et al. (2017). 
 
Organic geochemical measurements were undertaken on eight discrete fossil woods (OG7, 
OG10a, OG10b, OG11, OG13, OG21, OG100, OG101) from the grey clay of the Kenslow 
Member. All outer surfaces were cleaned of sediment using a wire brush, washed with deionised 
18Ω water and oven dried at 40°C for 24 h. Wood powders were collected using a drill (Dremel 
400) fitted with a diamond bit. Samples were transferred to 10 ml glass vials, freeze dried and 
ground to pass a 63µm mesh sieve using an agate pestle and mortar. Non-structural compounds 
were removed by sequential solvent extraction with 2 × 8 ml MeOH and 3 × 8 ml DCM by 
sonication 12 min (Camlab, Transonic T470H, 300 W). The organic carbon, hydrogen and 
nitrogen content of each wood was determined (n=8), using a Carlo Erba 1106 elemental 
analyzer. Oxygen content was estimated by difference and ash content was determined 
gravimetrically following combustion of the dry powdered wood at 650 C for 18 h (Vane et al., 
2003).  














4.1. Scanning Electron Microscopy (SEM) 
SEM imaging of sections from NU13-001 revealed that much of the apparently macroscopically 
“unaltered” wood, was actually substantially changed under higher magnification (Fig. 3). Most 
of the cells have collapsed, and, at high magnification, the wood appears quite homogenous (Fig. 
3c; NU13-001). This aspect is consistent with the appearance of ulminite in reflected light 
microscope. Transverse sections of slightly charred wood (Figs. 3d–f) exhibit growth rings, but 
even here, it was not possible to image sufficient cellular features to produce a firm identification 
of the wood. Given the regularity of the pits, shape of the cells, we suspect conifer wood 
(perhaps Pinus or Cryptomeria or Taxodium), however hardwood members of the Fagales 
(Fagus or Quercus) impacted by white-rot can have a similar aspect. Charcoal fragments (NU13-
002 and NU13-003) collected in 2013 (Figs. 3g–i) all appear to be radial to tangential sections of 
conifer wood. Again, insufficient diagnostic characters to assign it to a specific type were 
present. 
 
4.2. The thermal maturity of the fossil wood 
Disseminated wood samples JOMSUGL 908, JOMSUGL 909, and JOMSUGL 910 from the 
middle part the Kenslow Member, and one column (pillar) sample from the lignite lentil in the 
upper part of the Kenslow Member as exposed at Bees Nest Pit have been examined to date. 
Random reflectance measurements were taken from transverse sections of all the disseminated 
wood, and from transverse and longitudinal radial sections of sample JOMSUGL 908. Random 
reflectance measurements of wood contained in the lignite bed were made on polished surfaces 
in the oriented blocks, thus represent reflectance of materials facing to the southwest. 
Upon examining the samples, it became clear that our macroscopic designation of “charred” and 
“not charred” was over-simplistic (Fig. 4; Table 2). The exterior of wood fragment JOSMUGL 
908 in longitudinal section contains brighter-than-expected, collapsed cellular material with a 
random reflectance of 0.98%, consistent with inertinite, filling small pockets between low 
reflecting wood fibers (0.204%), with exceptionally swollen rectangular cells, consistent with 
textinite (Fig. 4a). A narrow transition zone, less than 2 mm wide, has a random reflectance of 













extend several millimeters into the wood, primarily along the tracheids (Fig. 4b). In longitudinal 
radial section, the transition zone is not visible, and the collapsed and swollen wood remains 
display a much lower reflectance, 0.14%. This suggests variability in reflectance depending upon 
wood cell orientation, which will be explored further in a future study. Wood sample JOMSUGL 
909, which was designated as charred, contained no visibly charred material, and indeed, 
displayed a uniform random reflectance of 0.103% throughout. Wood sample 910 displayed a 
uniform random reflectance of 0.31% throughout. Huminite reflectance was measured on woody 
bands in the lignite. In the second decimeter from the top of the seam (1245-2), uncharred wood 
displayed a random reflectance of 0.21%, while charred wood displayed a random reflectance of 
2.86%. Within the third decimeter from the top of the seam (1246-1), uncharred wood displayed 
a random reflectance of 0.21%. In all cases, uncharred wood and lignite have huminite 
reflectances that fall into the peat to Lignite B categories. 
 
4.3. Macerals and wood preservation 
Wood preservation is highly variable, with somewhat altered xylite to early-stage textinite, both 
having bright yellow epifluorescence, to clearly decayed textinite, with reduced orange 
fluorescence, to gelified non fluorescing ulminite. Here we discuss maceral evidence for wood 
preservation. 
 
4.3.1. Samples 908, 909, and 910 
Sample 908 was sectioned in three orientations: tangential, radial, and transverse. Samples 909 
and 910 were only available as transverse sections. In transverse section along the margin of the 
wood fragments, dark cells, corresponding to textinite A, (Fig. 4a) are directly adjacent to 
fusinite bogens. This brightly reflecting material extends approximately 1 mm into the body of 
the wood (Figs. 4d,e), and is coupled with dimly fluorescing fiber cells that display some 
evidence of white-rot decay, including cracking and delamination of the three-ply cell wall (Fig. 
4f). 
The variability in preservation around the margins of each of the wood samples is extremely 
interesting. Characteristic selective decay and gelification structures can be readily seen in 
fluorescent light (Fig. 5a). In some places along the margins of the wood, cell walls have 













to lignin, is likely high, as suggested by organic geochemical results, below, resulting in greying 
and early-stage conversion to huminite macerals visible in white light (Fig. 5b). In other places, 
the wall is relatively swollen and extremely degraded to the point of being jumbled and broken, 
but still contain enough cellulose to fluoresce well and remain red-brown in white light (Figs. 
5c,d). In tangential section, dark cells, which with no prior knowledge of wood structure would 
probably be counted as ulminite B. The side view of the dark cells counted as textinite A in 
transverse section. The tracheids, which are not readily apparent in transverse section, appear as 
much brighter ulminite B, verging on semifusinite, given their reflectance relative to the mean 
random reflectance (Fig. 4b; Table 2). The radial section from the interior of the wood fragment 
was remarkable, in that the wood appeared largely unaltered (Fig. 4c). Here the scleriform pits 
can clearly be seen, and the wood does not appear to have been gelified. Funginite occurs as 
fungal sclerotia in the remnant clay encasing the wood fragment, however (Figs. 6a,b), no 
evidence of fungal hyphae were seen in any portions of the fragment. Sporinite and cutinite 
(Figs. 6c–e), also, occur as disseminated remains within the clay matrix. 
 
4.2.2. Lignite bed samples 
A total thickness of 30.6 cm of organic matter rich clay and lignite from the western side of the 
lignite exposure were collected as oriented column (pillar) samples and analyzed herein (Figs. 
7−9; Table 3). The lowermost sediment from 30.6 cm to 28.8 cm is a dark grey silty clay with 
minor huminite and abundant (15–25%) sporinite macerals. Huminite (Figs. 9a–d) appears to be 
primarily as telohuminite, the majority of which is textinite in the lower half of the column and 
ulminite in the upper half, although in mineral matter-rich horizons detrohuminite is most 
common (Table 3, Figs. 7, 8). Above this point, pyrite is present and reaches countable levels at 
10.8 cm depth.  Liptinite (Figs. 9g–h) is dominated by suberinite, except at 10.8 cm and 23.4 cm, 
where cutinite is dominant. Sporinite is never more than 2.4% of the total. Liptodetrinite does not 
occur. Inertinite (Figs 9e–f) is generally rare, never reaching more than a few percent. Where 
higher, inertinite is primarily semifusinite; inertodetrinite does not occur. 
Four distinctive woody bands occur in the lignite bed. These are: 27.9 cm–26.1 cm; 19.8 cm–
18.9 cm; 17.1 cm–11.7 cm; and 9.0 cm–7.2 cm. Each band appears to be composed of a single 
piece of wood, each of which is primarily huminite with minor inertinite (semifusinite) and 













is entirely pyrolised. Each of the wood samples encountered has slightly different apparent 
preservation, in part because of variations in orientation, highlighted by the study of sample 908, 
above. Wood in the lowermost and third from the bottom bands are oriented as transverse 
sections (Figs. 9a–b). Wood in the second from the bottom band is oriented as a tangential 
section (Figs. 9c–d). It is not possible to determine the orientation of the wood in the uppermost 
band, as it is both more gelified than other examples, and also the only band that contains 
obvious funginite in the huminite (Fig. 9e). Of note, euhedral pyrite occurs disseminated within 
this more gelified band (Table 3). Euhedral pyrite is indicative of sufficient iron presence to 
permit methanogenic bacteria to enhance gelification. 
 
4.4. Wood morphology and xylotomy 
The disseminated wood samples in both the loose pieces and those within the lignite bed exhibit 
square cells in radial section. This cell shape is more common in gymnospermous wood than 
angiospermous wood. Growth rings are clearly visible in the SEMs of sample NU13-001, but fall 
into the International Association of Wood Anatomists (IAWA) classification of “indistinct,” in 
that there is no clear difference between earlywood and latewood (Figs. 3d,e; Richter et al., 
2004). The growth rings are very narrow, typically 5 cells (Figs. 3d,e), indicative of slow radial 
growth of the tree, make it very difficult to determine the nature of the transition between the 
rings (Richter et al., 2004). In SEM (Figs 3f,h), reflected white light (Fig. 4c) and 
epifluorescence (Figs. 10a–d,g,h), the wood appears predominantly uniseriate in radial sections, 
that is, the tracheid pits are organized mostly in a single column within the cell. A second 
tracheid pit or second row of tracheid pits may be present (Figs 10a–d); where present, these pits 
are parallel to the other row. Wall thickness is not diagnostic for the charcoalified samples, such 
as portions of NU13-001, but can be useful in the mummified samples. In all cases examined to 
date, the wood fragments disseminated in the Kenslow Member have thick walls (Figs. 4a,d–f). 
The cell walls of the ray tracheids are smooth, with a Hudson scale of 1–2 (Hudson, 1960) (Figs. 
10e,f). In some orientations, a pattern of two latewood cells between tracheids is observed (Fig. 
4b). Infrequently, cupressoid-taxodioid cross-field pits (shaped like the capital letter O) are 
visible (Fig. 10g). 
 













Total organic carbon (TOC) of woods of the Kenslow Member ranged from 60.5 to 38.3 % with 
a mean of 54.8 %, oxygen content ranged from 30.6 to >40 %, and hydrogen ranged from 6.1 to 
3.4 %, whereas nitrogen content ranged from 0.1 to 1.1 % (Table 4). The ash contents varied 
across the eight samples from as low as 0.7 to 37.6 % with a mean of 9.8 %.  Chemical 
characterization of fossil woods and underlying alteration processes such as microbial decay and 
pressure/temperature maybe visualized using a van Krevelen bi-polot which summarizes main 
elemental composition as ratios (Fig. 11). Comparison of Kenslow Member woods (atomic O/C 
ratios of 0.5 and atomic H/C of 1.2) with modern wood, lignites and more thermally mature coals 
show that the woods from the Kenslow Member plot precisely between modern wood and low 
rank coals (Fig. 11). In modern woods polysaccharides have an atomic O/C of 0.8 and H/C of 1.7 
whereas more aromatic lignin bioploymer has an atomic O/C of 0.3 and atomic H/C of 1.2. 
Owing to the greater proportion of polysaccharides to lignin, unaltered modern woods have 
atomic O/C ranging from 0.7 to 0.9 and atomic H/C of 1.5 to 1.8 (Fig. 11).  
 
In the current study, the Kenslow Member fossil woods all plot outside the ranges expected for 
modern woods, confirming that the sediments and selected samples analyzed were not 
contaminated by modern vegetation/rootlets. From a biochemical standpoint, the most plausible 
explanation for the lower values in the Kenslow Member samples as compared to modern wood 
counterparts is that the woods have preferentially lost polysaccharides relative to lignin. The 
position of the Kenslow Member woods across the wood coalification continuum and the clear 
general downward trajectory to lower atomic O/C and H/C similar to purified lignin is most 
likely explained by a combination of biotic (fungal and bacterial) and possibly abiotic reactions 
which alter the relative proportion of polysaccharides to other bioploymers as well as alteration 
of lignin by a variety of reactions including dehydroxylation alkyl side chains, cleavage of β-O-4 
bonds and demethoxylation (Hatcher and Clifford, 1997; Vane and Abbott, 1999; Vane et al., 
2001a,b). White-rot fungal decay modifies woody tissues by the oxidative decay of lignin such 
that lignin is preferentially decomposed relative to polysaccharides and that remaining residual 
lignin structure contains a greater amount of carboxyl acid structures (COOH) on lignin side 
chains (Vane et al., 2006; Vane et al., 2003b; Vane et al., 2001a,b,). Conversely, brown-rot 
decay mainly decompose polysaccharides whereas soft-rot decay may preferentially decompose 













the spread of atomic O/C values encountered in the Kenslow Member woods is at least in part 





Disseminated woods occur in the Kenslow Member between a basal woodground and a lignite 
bed. The preservation of the wood ranges from nearly unaltered to early-stage coalification, 
producing an array of xylites and early-stage huminite macerals, primarily textinite and 
corpohuminites. In transverse and radial sections, many distinctive wood characters are still 
present. From these, additional information about climate at the time of deposition and wood 
types can be garnered. 
The presence of indistinct growth rings in all of the disseminated wood samples, whether viewed 
in reflected light or through SEM, suggests that growth occurred in a warm setting, perhaps 
tropical or subtropical (Richter et al., 2004). Paleoclimate reconstructions from the Kenslow 
Member, based on pollen and spores, also indicate a subtropical wet climate (Pound and Riding, 
2016). Furthermore, that the specimens collected represent parts of young trees, branches and/or 
those that experienced slow radial growth, as the rings only average five cells. This growth 
pattern is not unusual in tropical plantation-grown members of the Pinaceae (Richter et al., 
2004). Uniseriate pitting, with periodic double rows of pits that are parallel, rather than offset, is 
also common in the Pinaceae. Thick walls, visible in the fiber cells, as well as smooth ray 
tracheid walls, are also features of some Pinaceae, and in the case of the smooth walls, point 
toward the Strobus section of pines (Richter et al., 2004). The pattern of two latewood cells 
between tracheids is common in taxodiaceous trees (Richter et al., 2004), but also known to 
occur in pines (Wang et al., 2017). Cupressoid-Taxodioid cross-field pits are also diagnostic of 
members of the Cupressaceae and taxa formerly assigned to the Taxodiaceae (Richter et al., 
2004), however, compression can warp pits, thus this character must be used with caution. 
Additionally, cupressoid-taxodioid pitting has been reported in Miocene pines (Wang et al., 













Pinaceae, likely a member of the section Parrya, such as P. krempfii or P. aristata (van der 
Burgh, 1973; Ickert-Bond, 2001; Wang et al., 2017), however, assignation to the Cupressaceae, 
based on cell wall thickness and pitting type, cannot be entirely ruled out (Hoffmann and 
Blanchette, 1997; Figueiral et al., 1999; Jeong et al., 2012). Abundant and diverse gymnosperm 
pollen has been recovered from the Kenslow Member at Bees Nest Pit and does not aid wood 
identification (Boulter, 1971; Pound and Riding, 2016). 
The wood preservational style and disseminated nature in the Kenslow Member suggests 
transported, rather than in-situ remains, however, given the lack of inertodetrinite and 
liptodetrinite macerals, the distance of transport was likely relatively short. Some of the trees 
were undoubtedly burned prior to burial, with remnant charcoal present on the outermost surface 
of sample 908, fragments NU13-002 and NU13-003, and brighter-than expected reflectance 
extending a millimeter or more into the surface of many pieces. This brighter than expected 
horizon, which does not quite attain semifusinitic- levels of reflectance, coupled with the 
blackened color of the wood samples, many of which were originally classified as “charred” in 
hand sample, is likely reflective of a pyrolysis front produced during wood combustion 
(Hudspith and Belcher, 2020). Here the outer charcoalified layer, represented by fusinite, was 
likely removed during transport, leaving the thermally altered, but not charcoalified, layer 
behind. 
Other evidence observed in the wood samples is suggestive of fungal decomposition prior to 
incorporation into the Kenslow Member clay. The separated and variably fluorescing cells in 
Fig. 5 are a result of loss of the middle lamella through white-rot (Blanchette, 1984, 1991, 2000), 
which is progressively worse from Fig. 5a through Figs. 5c–d. In thick-walled cells (Figs. 3d–f), 
this evidence for white-rot includes cracking and delamination of the three-ply wall (Fig. 3f), 
while the separation of cells and destruction of surrounding material (Figs. 4d–e) is an extreme 
case of white-rot decay. Given the bright, apparently gelified macerals surrounding the rotted 
tissues (Figs. 4d–e), it is likely that the trees were diseased prior to a wildfire event. 
Previous palynological study of the Kenslow Member (Pound et al., 2012a; Pound and Riding, 
2016) has shown that pine pollen is dominant (28%), while pollen of Cupressaceae are relatively 













of locally important plants, the assemblage at Bees Nest Pit has been described as representing a 
subtropical, wet coniferous forest (Pound and Riding, 2016). The Serravalian has been proposed 
as having relatively drier conditions than the “washhouse climate” of the Late Miocene in 
Europe (Böhme, 2004; Böhme et al., 2008; Pound et al., 2012b). It has been proposed that this 
change in the regional hydrological regime was due to a switch from a Serravallian trade-wind 
(northeast to southwest) dominated circulation to a Late Miocene atmospheric circulation 
dominated by, the more modern, westerlies (west to east) (Quan et al., 2014). During the 
Miocene, the UK formed a peninsula of northwest Europe projecting into the North Atlantic and 
whether the Serravallian trade-wind dominated atmospheric circulation had any influence on the 
local precipitation regime is unknown, but a modest increase in precipitation has been 
reconstructed from the Netherlands from the Serravallian into the Tortonian (Donders et al., 
2009). Whereas paleoclimate reconstructions from the Kenslow Member indicate a modest 
reduction in mean annual precipitation from the Serravallian into the Tortonian (Pound and 
Riding, 2016). Further complexity is introduced by regional paleobotanical data indicating the 
presence of a modern-like Gulf Stream from 15 Ma that would have brought heat and moisture 
into western Europe (Denk et al., 2013). Given the presence of charcoal it is possible that, like 
today, cyclical droughts may have impacted the region, increasing the likelihood of wildfires. 
Indeed, cyclical drought may have been a causative agent of peatland establishment during the 
deposition of the uppermost part of the Kenslow Member at Bees Nest Pit. Research in North 
America has shown that drought events can lower water levels in lake systems to the point that 
peatland plants can colonize the shallow-water or exposed, moist substrate (Ireland and Booth, 
2011; Ireland et al., 2012, 2013, Booth et al., 2016). Once colonized, rising water levels coeval 
with an end to drought conditions can lead to the development of floating peat mats and 
continued in-situ peat development. Like the Quaternary and Holocene North American peats, 
the lignite studied from Bees Nest Pit, and also recorded at the nearby Kenslow Top Pit (Pound 
et al., 2012a, Pound and Riding 2016) are thin, and overlie sediments interpreted as lacustrine. At 
Bees Nest Pit, the “lignite” begins as several centimeters of silty organic-rich mudstone, 
equivalent to clayey-detrital gyttja, and returns to this state between the woody horizons. This 
suggests periods of drier conditions followed by a rising water table resulting in formation of a 
floating bog in the mire with anaerobic decomposition of the original peat matrix occuring below 













suggestive of either combustion of emergent vegetation (Korasidis et al., 2016), or incorporation 
of charcoal from upland wildfires (possibly the source of charred woods) into the peat during 
flooding and siliciclastic sedimentation events following drought intervals (Scott, 2018). In the 
Kenslow Member, small-scale fusinite and semifusinite pieces occur periodically through the 
lignite. The majority of these particles occur in association with or just following siliciclastic 
influxes (Figure 7). In this sense, the lignites capping the Kenslow Member at Bees Nest Pit, and 
the lignite capping the same unit at nearby Kenslow Top Pit, while younger, serve to highlight 
increasing climate variability in the upper section of Middle and Late Miocene. An interpretation 
supported by reconstructed seasonal precipitation from the Kenslow Member that shows a shift 
from nearly year-round wet to a more winter-wet hydrological regime (Pound and Riding, 2016). 
Inertinite macerals record wildfire intensity (MacParland et al., 2009), and as such, are useful 
indicators of the types of wildfire that contributed charcoal to the Kenslow Member clays. The 
inertinitic material measured in disseminated wood pieces is likely erosional remnants of the 
pyrolysis front, not actual surface charcoal, thus not useful for this exercise. The inertinite 
recovered in the lignite, however, have a mean random reflectance of 2.87%, indicative of a 1–5 
hour charring temperature between 550 and 650°C (MacParland et al., 2009). This temperature 
range is suggestive of a short-lived crown fire or a smouldering ground fire (Scott, 2009, 2018). 
The high standard deviation of these measurements (Table 2) suggests that the fragment 
preserved in the lignite experienced differential thermal alteration from the exterior to the 
interior of the sample (Hudspith and Belcher, 2019; MacParland et al., 2009). 
The depth of burial of the Kenslow Member has been a source of curiosity for many years, as no 
overlying sediments remain post-glaciation. Huminite reflectance data suggests that wood 
reflectance was suppressed below the lignite, quite possibly due to variations in the thermal 
conductivity of the materials, lignite being more thermally conductive than the Kenslow Member 
clays (Mukhopadhyay, 1994), equally possibly due to variations in the coalification process and 
orientation of the macerals used for reflectance measurements, as noted above. The impact of 
early-stage lignification on rank is not well understood, however, in situations such as the 
Brassington Formation, lignite rank can provide some clues. The most deeply buried huminite 
macerals from the lignite had a mean random reflectance of 0.29%, indicating a rank of Lignite 













temperature. The modern geothermal gradient is rather complex in the southern Pennines, with 
unexpected highs and lows within very short distances due to the highly fractured and karstified 
limestone in the region, which act as conduits for hydrothermal fluids feeding mineral and hot 
springs. At 1000 m depth, measured temperatures range from 42–54°C; thus, a maximum burial 
depth of slightly more than 1000 m for a short time period is possible, however, shallower burial 
for a long time period is more likely, especially given the varying degrees of lignificaiton 




This is the first study of wood and lignite recovered from the Kenslow Member of the 
Brassington Formation from Bees Nest Pit, Derbyshire. Wood samples display variable huminite 
reflectance depending on the gelification-huminication degree of disseminated woods and 
lignite, consistent with peat and are preserved primarily as mummifications. Some 
mummifications of disseminated wood have singed surfaces, suggesting they may have been 
washed into the sinkhole lake following fire events. Most samples contain decomposition 
patterns consistent with white-rot decay. The disseminated wood samples examined during this 
study are remarkably similar and are likely members of the Strobus-section of the pines 
(Pinaceae), although some characters suggest they may be members of the Cupressaceae. 
Additional study is needed to firmly assign the samples to either the Pinaceae or the 
Cupressaceae. Wood features confirm deposition in a subtropical wet climate, as previously 
suggested by Pound et al. (2016, 2019). Periodic drought conditions are suggested by the 
presence of charred wood in the Kenslow Member underlying the lignite, and by the lignite itself 
(Booth et al., 2016). Charcoal from within the lignite is suggestive of episodic smoldering 
ground fires or distant crown fires. Clastic influx into the mire may have been in part driven by 
increased runoff following fires.  
Elemental (C, H, N, O) geochemistry shows the fossil woods are chemically between modern 
wood and brown coal, this is most likely due to relative loss of polysaccharides as compared to 













likely to be caused by thermal/pressure effects but may instead be attributed to variations in the 
extent and type of fungal decay, or possibly variations in transport distance or highly localized 
variations in water table depth and associated extent of aerobic decay.     
Reflectance measurement of low reflectivity textinite highlights the variability in reflectance 
depending upon wood cell orientation. This contributes to the larger standard deviation which 
may be seen in reflectance measurements of very low rank coals.  The lignite attained a random 
reflectance of 0.29% and reached the rank of lignite B; disseminated woods below the lignite 
have variable reflectance depending upon degree of lignification as determined by organic 
petrography and organic geochemistry. This suggests a maximum burial depth of approximately 
1000 m; given the modern regional geothermal gradient and wood preservation states, likely less.  
Results of petrographic and geochemical study are consistent with previous palynological 
indications that the Kenslow Member was deposited in a flooded mire or lacustrine setting 
surrounded by pine woodlands. Peat accumulation was likely initiated following a localized 
drought, and the presence of alternating bands of clay-rich and wood-rich coal suggests periodic 
drought conditions during peat development. Peat production likely terminated following a 
flooding event which produced the paler clay capping the deposit. 
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Table 1. Macroscopic descriptions of the samples examined in this study. All wood and lignite 
samples are from Kenslow Member sediments exposed in Bees Nest Pit, Derbyshire, UK. 
 
Table 2. Random textinite (uncharred), vitrinite (transition), and fusinite/semifusinite (charred) 
reflectance for selected samples of drift woods and lignite. 
 
Table 3. Maceral and mineral matter compositions through the lignite bed profile, reported as 
0.9 cm aggregates of counts spaced 0.3 mm vertically along each of 10 transects through the 
column (pillar) sample of lignite. 
 






Figure 1. Map illustrating the locations of Bees Nest Pit and Kenslow Top Pit in the southern 
Pennines, Derbyshire, UK. The materials studied herein are all from Bees Nest Pit. The Kenslow 
Member at Kenslow Top Pit is no longer exposed. Yellow outcrop pattern of the Brassington 
Formation is based upon British Geological Survey 1:10000 scale digital geological map (Smith, 
2013; Using: EDINA Geology Digimap Service, <https://digimap.edina.ac.uk>, Downloaded: 
2020-02-27). Notable settlements are identified in grey text. Inset map of the British Isles 
showing the location (star) of the aerial image (High Resolution (25cm) Vertical Aerial Imagery, 
Scale 1:500, Getmapping, Using: EDINA Aerial Digimap Service, 
<https://digimap.edina.ac.uk>).  
 
Figure 2. Stratigraphy of Bees Nest Pit. a) field photograph of the north wall of Bees Nest Pit 
showing all three members. b) simplified stratigraphy of the Brassington Formation based on 
Walsh et al. (1980). c) simplified stratigraphy of the 2019 measured section showing the 
distribution of wood through the lignite and grey clay. Size of the wood image reflects the size of 
wood fossils recovered. 
 
Figure 3. SEM images of NU13-001 and charred fragments thereof. a–c) wood that appears 
undamaged in hand sample contains collapsed, homogenized cells when viewed at successively 
higher magnification (655x, 1,820x, 17,900x, respectively). d–f) NU13-002 lightly charred wood 
in transverse section showing growth rings and radial pitting at successively higher 
magnifications (437x, 1,820x, 18,000x respectively). Note the height of the rings and the lack of 













to tangential section showing rays and uniseriate pits at successively higher magnifications 
(714x, 1,450x, and 1,460x, respectively). 
 
Figure 4. Images illustrating variations in preservation in disseminated wood sample JOMSUGL 
908 a) view of transverse section showing fibers surrounding a detrovitrinite and semifusinite 
filled pocket. b) tangential section showing a pattern of two rays between each tracheid; note that 
tracheids appear brighter than the rays. c) radial section in the interior of the wood fragment 
showing largely unaltered wood retains significant red and gold internal refections; note two 
visible uniseriate scleriform pits. d) transverse view somewhat interior to (a) showing separated 
fibers with huminitic-semifusinitic material filling the spaces between the cells. e) the same view 
in blue light epifluorescence showing cracks in the fiber cells and dim yellow fluorescence. F) 
transverse view further toward the middle of the wood sample showing swollen, cracked, and 
delaminated fiber cells. Scale bar = 100 micrometers.3 a–d) photomicrographs were made in 
reflected white illumination with an oil immersion objective. 3 e–f) images were made with blue 
light excitation with an oil immersion objective. 
 
Figure 5. White light-blue light illumination pairs in oil immersion showing the effects of white 
rot fungal invasion of the disseminated wood from sample JOMSUGL 908. a) blue light image 
showing loss of fluorescence of collapsed cells as cellulose and lignin are sequentially lost. b) 
same view in white light showing early huminite maceral development with remnant internal 
reflections. c) blue light image of less collapsed cells showing degraded and pitted layers 
surrounded by weaker-fluorescing collapsed material. d) same field of view as (c) in white light 
showing darkening of the remnant cell walls and loss of internal reflections, but not yet incipient 
maceral development. 
 
Figure 6. Examples of other macerals occuring in the clay surrounding the dispersed wood 
samples. 6a, f-g are from sample JOMSUGL 908. 6b, d-e are from sample JOMSUGL 909. 6c is 
from sample JOMSUGL 910. a) funginite produced by a fungal sclerotia; b) funginite likely 
produced by a helicosporous conidium; c) cutinite (under epifluorescence); d) sporinite as the 
corpus of a bisaccate pollen grain; e) sporinite (under epifluorescence) as a monolete or 
monosulcate grain; f) textinite; g) Ulminite A&B. Scale bars = 100 micrometers. 4 a-b-d-f-g 
photomicrographs were made in reflected white illumination in oil immersion. 4 c-e) images 
were made with blue light excitation in oil immersion. 
 
Figure 7. Mineral matter and maceral composition of the lignite lentil contained in the 
sedimentary profile. Spacing is 0.9 cm through the column (pillar) sample.  
 
Figure 8. Variations in huminite maceral composition through the lignite lentil. Spacing is 0.9 














Figure 9. Example macerals and minerals present in the lignite lentil a) textinite B and ulminite 
B grading into each other across a vertical transect through one piece of wood in the lignite, 8.1 
cm depth. b) texinite A in a clay matrix, 4.5 cm depth.  c) phlobaphinites as a rootlet in clay, 5.4 
cm depth. d) phlobaphinite in suberinite, 5.4 cm depth.  e) funginite (small white circles) in 
ulminite (the exposure and color balance were adjusted to highlight the funginite; the image as 
printed is not representative of the relative reflectance of the lignite), 3.6 cm depth. f) fusinite, 
9.9 cm depth. g) suberinite surrounding dark-appearing phlobaphinites, 5.4 cm depth (photo pair 
with d). h) cutinite with resinite, 24.3 cm depth. Scale bars = 100 micrometers. 
Photomicrographs 7 a−f were taken with reflected white illumination in oil immersion. 
Photomicrographs 7 g−h) images were made with blue light epifluorescence in oil immersion. 
 
Figure 10. Key features in identifying the xylitic disseminated wood in sample JOMSUGL 908. 
Left images are in white reflected light illumination in oil immersion; right images are in blue 
light excitation showing epifluorescence in oil immersion. a–d) transverse sections showing 
uniseriate to parallel biseriate tracheids.  e–f) radial section showing ray cells; ray cells are 
always in groups of three.  g–h) transverse section showing uncommon cupressiod-taxodioid pits 
Scale bars = 100 micrometers. 
 
Figure 11. van Krevelen bi-plot of elemental ratios of Kenslow Member fossil woods 
(diamonds) and exemplar modern woods and coals. Generalized areas for modern, fossil, low 
rank coalification (Lignite-Brown coal) and early-mid coalificatiion (Sub-bituminous) are shown 
to highlight that the Kenslow Member fossil woods are at a very early stage of alteration within 























Location in the 
Kenslow 
Member 
Macroscopic Description Macroscopic 
Classification 
Analyses 
NU13-001 2013 Northumbria 
University 
Upper Kenslow Disseminated bolt of wood, approximately 60 cm x 60 
cm x20 cm lacking bark. Bolt exterior is dark grey-black, 
interior is reddish-brown. Originally coated in grey clay. 
Exterior and internal cracking present; clay coating 
extends into cracks. 
Uncharred SEM 
NU13-002 2013 Northumbria 
University 
Upper Kenslow Charred fragment from NU13-001, 0.5cm x 0.5cm x 
0.2cm. Black in colour throughout. Originally coated in 
grey clay. 
Charred SEM 
NU13-003 2013 Northumbria 
University 
Upper Kenslow Charred fragment from NU13-001, 1cm x 0.7cm x 0.1cm. 
Black in colour throughout. Originally coated in grey 
clay. 
Charred SEM 
JOMSUGL 908 Jun-17 Morehead 
State 
University 
Middle Kenslow Disseminated small branch, 27 cm x 15 cm x15 cm. Black 
in color throughout. Originally coated in grey clay. 




JOMSUGL 909 Jun-17 Morehead 
State 
University 
Middle Kenslow Disseminated small branch, 24 cm x 6 cm x 3 cm. Black 




JOMSUGL 910 Jun-17 Morehead 
State 
University 
Middle Kenslow Disseminated small length of wood, 18 cm x 7.5 cm x 2 
cm. Black in color throughout. Originally coated in grey 
clay. Cracking resulting in sub-centimeter "layering" 








Upper Kenslow Oriented column (pillar) sample through the lignite 
lentil above the woodground in the Kenslow Member. 
Column is from the nothern margin of the lentil. The 
column is 26.8 cm thick and consists from bottom to top: 
4.8 cm of burrowed white and grey clay with abundant 
wood fragments; 1 cm bone coal; 1.1 cm cm fusain 
(charcoal); 3.8 cm bone coal; 1 cm sub-vitrain (dark 
brown dull wood); 0.3 cm bone coal; 1 cm fusain; 0.8 cm 
bone coal; 3.1 cm vitrain (black glossy wood); 2.3 cm 
bone coal; 0.8 cm vitrain (black glossy wood); 1.1 cm 
sub-vitrain (glossy dark red-brown wood); 2.2 cm bone 
coal with white clay-filled burrows; 3.2 cm white-cream 
clay.  Block sample JOMSUGL 1245 is the upper 13 cm 






OG 100 Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated small length of wood, 10 cm x 7.5 cm x 1 
cm. Tan brown in color throughout. Originally coated in 
grey clay; clay coating extends into cracks. 
Uncharred Organic 
Geochemistry 
OG11 Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated small branch, 14 cm x 4 cm x 3 cm. Tan 
Brown in color throughout. Originally coated in grey 
















OG7 Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated small branch, 20 cm x 9 cm x 4 cm. Tan 
brown in color throughout. Originally coated in grey 
clay. Exterior cracking present;  
Uncharred Organic 
Geochemistry 
OG10a Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated small length of wood, 5 cm x 4 cm x 2 cm. 
Tan brown in color throughout. Some root in-growth 
(removed) Originally coated in grey clay. Exterior 
cracking present; clay coating extends into cracks. 
Uncharred Organic 
Geochemistry 
OG10b Oct-13 British 
Geological 
Survey 
Middle Kenslow Wood fragment, 5 cm x 4 cm x 2 cm. Tan brown in color 
throughout. Originally coated in grey clay. Exterior 
cracking present; clay coating extends into cracks. 
Uncharred Organic 
Geochemistry 
OG21 Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated small branch, 14 cm x 10 cm x 6 cm. Tan-
brown in color throughout. Originally coated in grey 




OG13 Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated wood, 11 cm x 7 cm x 5 cm. Tan brown in 
color throughout. Cubic cracking on surface only.  
Originally coated in grey clay. Exterior cracking present; 
clay coating extends into cracks. 
Uncharred Organic 
Geochemistry 
OG101 Oct-13 British 
Geological 
Survey 
Middle Kenslow Disseminated small branch, 14 cm x 9 cm x 5 cm. Tan 
brown in color throughout. Originally coated in grey 
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0.9 97.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.0% 0.0% 0.0% 0.0% 0.0% 2.0% 0.0% 0.0% 
1.8 96.2% 2.2% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 
2.7 93.6% 3.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 1.1% 1.6% 0.0% 0.0% 0.0% 
3.6 90.3% 4.3% 0.0% 0.0% 1.9% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0% 1.2% 1.9% 0.0% 0.0% 0.0% 
4.5 80.3% 2.3% 0.0% 1.7% 0.3% 0.0% 0.0% 0.0% 14.0% 0.0% 0.0% 1.0% 0.3% 0.0% 0.0% 0.0% 
5.4 76.5% 2.0% 0.0% 1.3% 4.0% 0.7% 0.0% 0.0% 13.2% 0.7% 0.3% 0.0% 0.7% 0.0% 0.3% 0.3% 
6.3 74.0% 2.1% 0.0% 0.7% 10.4% 0.7% 0.0% 0.0% 5.2% 2.1% 0.0% 0.3% 0.3% 0.7% 3.5% 0.0% 
7.2 45.7% 0.4% 0.4% 2.2% 43.9% 0.0% 0.0% 0.0% 2.7% 0.4% 0.0% 0.4% 0.9% 0.0% 2.7% 0.0% 
8.1 14.7% 0.0% 0.7% 0.7% 76.6% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 1.3% 0.0% 6.0% 0.0% 
9 33.5% 1.9% 0.0% 1.3% 45.0% 0.0% 0.0% 5.3% 5.3% 0.3% 0.0% 0.0% 1.7% 1.1% 4.6% 0.0% 
9.9 61.1% 6.7% 0.0% 0.3% 7.6% 0.0% 0.0% 7.3% 7.3% 3.3% 0.0% 0.0% 2.5% 2.2% 1.3% 0.3% 
10.8 71.2% 1.3% 0.3% 2.0% 2.1% 0.8% 0.0% 6.5% 6.5% 0.0% 0.7% 0.0% 1.7% 3.4% 3.0% 0.4% 
11.7 31.6% 0.0% 0.0% 1.1% 55.0% 0.4% 0.0% 2.6% 2.9% 0.0% 0.0% 0.0% 1.1% 0.5% 4.1% 0.5% 
12.6 2.4% 0.7% 0.0% 0.0% 86.8% 1.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 8.8% 0.0% 
13.5 5.6% 2.0% 0.0% 0.0% 87.1% 2.3% 0.0% 0.0% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 2.7% 0.0% 
14.4 8.5% 0.5% 0.0% 0.0% 88.8% 0.8% 0.0% 0.0% 0.0% 0.0% 0.5% 0.0% 0.0% 0.0% 0.9% 0.0% 
15.3 7.0% 0.0% 0.0% 0.0% 86.7% 3.3% 2.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 0.0% 
16.2 7.0% 0.0% 0.0% 0.0% 86.7% 3.3% 2.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.6% 0.0% 
17.1 3.9% 0.0% 0.0% 5.9% 82.4% 7.8% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 
18 56.5% 1.3% 0.0% 13.4% 5.6% 2.6% 3.3% 0.0% 8.6% 0.0% 4.6% 0.0% 1.6% 1.3% 1.3% 0.0% 
18.9 15.7% 1.6% 0.0% 54.6% 1.7% 0.0% 5.2% 0.0% 0.7% 0.0% 7.2% 0.0% 0.0% 0.0% 12.0% 1.2% 
19.8 12.3% 2.5% 0.0% 61.5% 0.6% 0.0% 1.7% 0.0% 2.3% 0.0% 2.2% 0.0% 0.0% 0.0% 16.5% 0.4% 
20.7 37.7% 0.0% 0.0% 36.2% 0.4% 0.0% 8.2% 0.0% 1.3% 0.0% 13.9% 0.0% 0.0% 0.4% 1.9% 0.0% 
21.6 57.9% 0.9% 0.0% 24.7% 0.5% 2.2% 3.3% 0.0% 1.9% 0.0% 3.7% 0.0% 0.9% 1.3% 2.8% 0.0% 
22.5 62.7% 2.4% 0.0% 14.0% 0.8% 2.6% 0.0% 0.0% 5.9% 0.0% 0.5% 0.0% 0.5% 4.7% 6.0% 0.0% 
23.4 51.3% 0.4% 0.0% 20.3% 1.1% 7.0% 2.9% 0.0% 3.9% 0.0% 0.0% 0.0% 0.4% 3.5% 2.6% 6.6% 
24.3 63.2% 0.0% 0.0% 18.5% 0.8% 2.5% 0.0% 0.0% 0.4% 0.0% 0.0% 0.0% 0.4% 11.5% 0.5% 2.3% 
25.2 44.9% 2.0% 0.0% 13.1% 3.9% 12.5% 0.0% 0.0% 0.9% 0.0% 0.0% 0.0% 0.6% 8.1% 1.3% 12.8% 
26.1 44.7% 0.6% 0.0% 18.5% 0.6% 13.2% 2.7% 0.0% 0.0% 0.0% 0.0% 0.0% 1.2% 6.4% 0.8% 11.4% 
27 41.4% 0.4% 0.0% 25.6% 0.4% 10.3% 0.9% 0.0% 0.3% 0.0% 1.6% 0.0% 0.4% 6.1% 2.1% 10.3% 
27.9 18.9% 0.0% 0.0% 63.1% 0.7% 3.4% 1.9% 0.0% 0.0% 0.0% 5.5% 0.0% 0.0% 0.0% 3.8% 2.6% 
28.8 41.6% 0.7% 0.0% 37.6% 1.6% 1.7% 0.0% 0.0% 0.0% 0.0% 0.4% 0.0% 0.4% 0.0% 1.9% 14.3% 













































OG7 57.87 5.62 1.02 35.49 2.56 1.17 0.46 
OG10a 58.66 5.78 1.11 30.64 3.77 1.18 0.39 
OG10b 60.49 6.06 1.13 32.31 1.82 1.20 0.40 
OG11 59.11 5.55 0.00 35.34 4.28 1.13 0.44 
OG13 57.15 5.94 0.00 36.91 0.74 1.25 0.48 
OG21 53.68 5.83 0.00 40.48 3.79 1.31 0.57 
OG100 52.82 3.38 0.11 43.68 24.40 0.77 0.62 
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 First study of Miocene-age wood and lignite from the Kenslow Member of the 
Brassington Formation, Derbyshire, UK. 
 Lignite rank is Lignite B; wood rank is Peat. 
 Wood is preserved as mummifications that show a range of fire and fungal impacts. 
 Wood appears to be from Pinnaceae or Cupressaceae. 
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